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(57) ABSTRACT

The present disclosure includes systems and techniques relat-
ing to pulse laser printing. In general, 1n one implementation,
an apparatus includes: a laser operable to produce a pulsed
printing beam; an optics assembly operable to focus and
direct the pulsed printing beam; and electronics communica-
tively coupled with the laser and the optics assembly, the
clectronics being operable to control the laser and the optics
assembly to generate power pulses of the pulsed printing
beam in synchronization with a series of moves that steer the
pulsed printing beam 1n a non-raster scanning pattern to pre-
defined locations on a material to alter an optical character-
1stic of the material at the predefined locations, which are
arranged to form at least a portion of a symbol. The electron-
ics may deliver the power pulses 1n synchronization with
arrival at the predefined locations, and the electronics may be
configured to receive sensed feedback 1n a closed loop.

15 Claims, 3 Drawing Sheets
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1
PULSED LASER PRINTING

BACKGROUND

The present application describes systems and techniques
relating to laser printing systems, for example, laser-based
systems for printing codes on products.

Laser printing systems have been used to mark various
types of surfaces. For example, laser printing has been used to
mark codes on commercially available products. Such codes
often include information corresponding to the time and place
of product manufacture (e.g., a batch number). Typical types
of codes marked on products include alphanumeric codes and
machine readable codes. When products are marked as part of
a manufacturing or packaging process, increasing the speed
of marking and decreasing the costs of the printing system
facilitate optimization of the manufacturing or packaging
process.

SUMMARY

The present disclosure includes systems and techniques
relating to pulsed laser printing. According to an aspect, an
apparatus includes a laser operable to produce a pulsed print-
ing beam; an optics assembly operable to focus and direct the
pulsed printing beam; and electronics communicatively
coupled with the laser and the optics assembly, the electronics
being operable to control the laser and the optics assembly to
generate power pulses of the pulsed printing beam 1n synchro-
nization with a series of moves that steer the pulsed printing,
beam 1n a non-raster scanning pattern to predefined locations
on a material to alter an optical characteristic of the material
at the predefined locations, which are arranged to form at least
a portion ol a symbol. The electronics can be operable to
deliver the power pulses and 1nitiate the moves between the
predefined locations at a common frequency during forma-
tion of the symbol, and the common frequency can be a
programmable control variable of the electronics.

The electronics can be operable to deliver the power pulses
in synchronization with arrival at the predefined locations.
The electronics can be configured to receive feedback 1n a
closed loop, the feedback indicating arrival at the predefined
locations, and use the feedback to control timing of power
pulse delivery. Furthermore, the electronics can be configured
to base the timing of power pulse delivery at least in parton a
recovery period of the laser and initiate the moves of the
pulsed printing beam from the predefined locations during
delivery of pulse-tail portions of the pulsed printing beam.

The electronics can be configured to receive sensed power
delivery to the predefined locations to control nitiation of the
moves between the predefined locations. The electronics can
include a mirror position sensor and a laser emission sensor.
Moreover, the electronics can include a laser controller oper-
able to overdrive the laser and generate a superpulse beam.

The apparatus can 1include a continuously variable power
supply operable to power the laser, and the electronics can be
operable to control the continuously variable power supply to
adjust a power output level of the laser. The laser controller
can be operable to overdrive the laser at a frequency above 1
kilohertz, and the power pulses can have rise and fall times
less than 50 microseconds. The laser can be an air cooled
laser, and an average of power fluence during pulse delivery
on the predefined locations can be greater than an average
power of the laser when operated 1in a continuous wave mode.
In addition, the laser controller can provide two modes of
operation, a superpulse mode and a continuous wave mode,
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and the electronics can select a mode of operation based on a
density of the predefined locations.

According to another aspect, a system 1ncludes a conveyor
on which a product travels; a laser operable to produce a
pulsed printing beam; an optics assembly operable to focus
and direct the pulsed printing beam; and electronics commu-
nicatively coupled with the laser and the optics assembly, the
clectronics being operable to control the laser and the optics
assembly to generate power pulses of the pulsed printing
beam in synchronization with a series of moves that steer the
pulsed printing beam 1n a non-raster scanning pattern to pre-
defined locations on a material to alter an optical character-
istic of the material at the predefined locations, which are
arranged to form at least a portion of a symbol, wherein the
clectronic overdrive the laser to generate a superpulse beam,
and the electronics deliver the power pulses in synchroniza-
tion with arrival at the predefined locations.

According to another aspect, a technique includes direct-
ing a pulsed printing beam through a series of moves that steer
the pulsed printing beam in a non-raster scanning pattern to
predefined locations on a material to mark spots on the mate-
rial at the predefined locations, the spots being arranged to
form a symbol; and superpulsing a laser to produce power
pulses of the pulsed printing beam in synchronization with
the moves, such that delivery of the power pulses 1s synchro-
nized with arrival at the predefined locations.

Feedback indicating arrival at the predefined locations can
be received 1n a closed loop, and the feedback can be used to
control timing of power pulse delivery. Sensed power deliv-
ery to the predefined locations can be recetved and used to
control iitiation of the moves between the predefined loca-
tions. A peak power of the pulsed printing beam can be
adjusted using a continuously variable power supply. More-
over, selection between superpulse and continuous wave
modes of operation can be made based on a density of the
predefined locations.

One or more of the following advantages may be provided.
The systems and techniques described may result in reduced
operating costs for a laser printing system. A ten Watt laser
printing system employing the techniques described may be
as effective as a traditional vector-based fifty Watt laser print-
ing system 1n a commercial laser marking process. The size of
the laser printing system may be reduced. Electricity usage
may be decreased. Wasted energy may be reduced in spot-
marking-based laser printing by decreasing the amount of
energy deposited between spots making up the symbol(s)
printed. More materials may be marked with a laser of a given
power rating than would otherwise be possible. Products may
be marked faster 1n a product line with a laser of a given power
rating than would otherwise be possible. Laser cooling
requirements may be reduced, and overall efficiency may be
improved.

Details of one or more implementations are set forth 1n the
accompanying drawings and the description below. Other
features and advantages may be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top, perspective view of a laser printing system.

FI1G. 2 1s a block diagram 1llustrating components of a laser
printing device.

FIG. 3 illustrates example components of an optics assem-
bly.

FIG. 4 1llustrates an example symbol formed on a material
of a product.
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FIG. § 1llustrates multiple spots arranged so as to define a
hexagonal pixel.

FIGS. 6 and 7 illustrates synchromization of power pulses
with moves between predefined locations to mark spots on a
material. 5

FI1G. 8 1s a block diagram 1llustrating components of a laser
printing system.

FIG. 9 illustrates an example user interface screen for a
laser printing system.

Like reference symbols 1n the various drawings indicate 10
like elements.

DETAILED DESCRIPTION

FI1G. 1 1s a top, perspective view of a laser printing system. 15
The system includes a laser printing device 100 that generates
a pulsed printing beam 110, which 1s continuously directed
through a series of moves between predefined locations on a
material 170 to mark spots on the matenal at the predefined
locations. The spots are arranged to form a symbol 180 on the »g
material 170, and the power pulses of the pulsed laser beam
are synchromzed with the moves. Details of this synchroni-
zation ol power pulses with spot placement are described
below 1n connection with FIGS. 6-8.

The diameter of a spot can vary depending on the imple- 35
mentation, but often falls between 100 um and 400 um. The
symbol 180 can be a human-readable symbol (e.g., an alpha-
numeric character, such as the “IT” shown), a machine-read-
able symbol (e.g., a one dimensional or two dimensional bar
code), various other symbols (e.g., a symbolic image, such as 3¢
a company logo or trademark), or combinations of these. The
material 170 can be part of a product 160 moving on a con-
veyor 150, which can be part of a manufacturing or packaging
process.

A spot 1s formed on the product by altering a visible, 35
optical characteristic of the material 170 at the location where
the pulsed printing beam 1s incident on the material such that
a mark 1s formed that 1s visible to the naked human eye. The
pulsed printing beam can alter a variety of optical character-
istics. For instance, the pulsed printing beam can cause one or 40
more layers of material to be ablated so the underlying layers
are visible. Because upper layers of a material used in pack-
aging a product often have an ink layer on paper, removal of
the ink layer leaves a spot where the paper 1s visible against
the surrounding ink layer. This can also be done when the ink 45
layer resides below one or more additional layers, such as a
wax layer over the ik layer. The refractive characteristics of
a material can also be altered. For instance, the pulsed print-
ing beam can be used to print information on a plastic mate-
rial, such as a soft drink bottle. The pulsed printing beam 50
alters the refractive characteristics of the plastic. The printed
information 1s easily visible since the human eye can pick up
the sections having contrasting refractive properties. Addi-
tionally, the pulsed printing beam can etch certain matenals.

The predefined locations can be arranged such that the 55
spots form multiple symbols. The predefined locations can be
arranged such that the spots form multiple pixels, and the
pixels 1n turn form the one or more symbols. Because the
printing system employs a laser 1n order to print on the prod-
uct, there 1s no need for consumables such as inks and sol- 60
vents. Accordingly, the printing system can reduce the costs
and complexity associated with printing imnformation on a
product.

The products for use with the printing system can be prod-
ucts to be sold retail, products sold to businesses, or packag- 65
ing of products. Examples of products include pharmaceuti-
cals, pharmaceutical packaging, food packaging, cosmetics,
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food such as eggs, dairy products, i1ce cream, computer com-
ponents, automotive components, medical devices, deter-
gents and beverages such as soit drinks and wines. Moreover,
the symbols can be formed 1n multiple locations on a product
and can include both code information and 1mage informa-
tion.

The system includes electronics that operate the laser print-
ing device 100. These electronics can include analog and
digital electronic circuitry, such as one or more application
specific integrated circuits (ASICs), as well as programmable
clectronics, such as one or more programmable processors,
and one or more memory devices. These electronics are
included 1n the laser printing device 100, but can also be
included 1n one or more additional devices making up the
laser printing system. For example, a device 130 can be com-
municatively coupled (by wire or wireless link) with the laser
printing device 100. The device 130 can be an electronic user
interface device designed specifically for the laser printing
device 100, a general purpose computer programmed with
user interface software, or a combination of these.

The user interface can be remote from the printing device
100, attached to the printing device 100, and/or detachable
from the printing device 100. A suitable user interface can
include an alphanumeric keyboard and a display. The user
interface can be used to program the electronics and/or set
printing parameters. For instance, the user interface can be
used to control the time that the pulsed printing beam 110
stays at a location on the material 170 to form a spot, the size
of any pixels used to form a symbol, and the type and
sequence ol symbols that are formed. The user interface can
also be used to manually activate the printing system. For
instance, the user interface can include a print key that causes
the laser printing device 100 to print on the material 170.

The laser printing system can be used to print symbols on
products that are moving, where there 1s a limited amount of
time available for printing on each product. The laser printing,
system can include electronics for varying the amount of time
required to print the symbols on the product. For example, the
laser printing system can include electronics for changing the
density of pixels in the symbol(s) to be formed, such as by
changing the density of individual pixels that define an alpha-
numeric code or changing the number of pixels making up an
image. Symbols having a reduced pixel density can be printed
more quickly than symbols with an increased pixel density.
Furthermore, the printing system can include electronics for
changing the size of the pixels. Smaller pixels require less
printing time. The ability to change the time required to print
a symbol allows the printing system to be used 1n conjunction
with an 1ncreased number of production lines.

The electronics that operate the laser printing device 100
can also be 1n commumnication with one or more sensors 140.
These sensors can provide the electronics with information
about the products on which the printing system 1s to print.
For instance, the sensors 140 can indicate the location of a
product relative to the printing system, the direction that a
product 1s moving and when a moving product has been
stopped and when a product 1s 1n the correct position to be
printed upon. Suitable sensors 140 include, but are not limited
to, a speed sensor for detecting the speed and/or direction that
a product1s moving, and a location sensor for indicating when
a product 1s positioned 1n front of the sensor.

The laser printing system can operate as part of a product
line and can print on a moving product or a stationary product.
A product line can temporarily stop the product 160 1n front of
the laser printing device 100. A sensor 140 can be a device that
triggers the printing (e.g., a device that produces a light beam,
which 1s disrupted by the product) either immediately or after
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a time delay. When the printing system operates on a moving
product, the electronics can use signals from a speed sensor
140 to determine the speed and direction of the product 160
on the product line. Suitable speed sensors include, but are not
limited to, encoders and resolvers. The printing system can
determine the speed of the product 160 on the line and use this
speed to determine a symbol position time delay. The symbol
position time delay 1s determined such that the symbol 1s
printed at a desired position on the product 160. The symbols
are then printed as the product 160 moves past the printing
device 100 based on the determined symbol position time
delay. Additionally, the printing system can determine the
speed of a next product while printing on a current product.

When setting up the laser printing system, the distance
between the laser printing device 100 and the product 160
and/or the sensor 140 can be administratively entered into the
clectronics with the user interface. Alternatively, the sensor
140 can be attached to the laser printing device 100 so as to
provide a fixed and known distance between the sensor 140
and the pulsed printing beam 110. In this latter embodiment,
the distance 1s known to the electronics 1n the system and does
not need to be administratively entered.

The laser printing device 100 can include a printing beam
exit member 120 through which the pulsed printing beam 110
ex1ts a housing of the printing device 100. The printing beam
exit member 120 can be an opening in the housing or an
immobile window mounted in the housing. In another
embodiment, the printing beam exit member 120 can be
moved relative to the housing as illustrated by the arrows
labeled A. In this embodiment, the printing beam exit member
120 can be rotatably moved (e.g., manually adjusted) through
a continuous set of multiple directional positions to point the
pulsed printing beam 110 toward a particular position on the
material 170, thus allowing the pulsed printing beam 110 to
be readily aimed, after the device 100 has been 1nstalled, by
manipulating the printing beam exit member 120.

The laser printing device 100 can include components for
defining a print zone on the material 170. For example, a
rectangle can be projected onto the material 170, where the
one or more symbols will be formed within the print zone.
During operation of the laser printing system, the print zone
can be formed on the material 170; an operator can adjust the
beam exit member 120 so that the print zone appears at the
desired location on the material 170. A user interface can then
be used to activate printing within the print zone. Thus, the
operator of the printing system can select where the printing
beam prints on the material 160 by ensuring that the print
zone appears in the desired print location. Other suitable print
zone marks include, but are not limited to, marks at the four
corners ol a print zone, a mark positioned 1n the center of the
print zone, and a dashed line around the print zone.

Additionally, the electronics of the laser printing system
can be designed to control the size and geometry of the print
zone. As a result, the electronics can match the size and shape
ol the symbols to be printed on the material 170. For example,
when an unusually large code 1s to be printed on the material
170, the electronics can enlarge the print zone so the code will
be formed entirely within the print zone. As a result, an
increase 1n the size of the code will not result 1n erroneous
positioning of the code on the material 170.

FIG. 2 1s a block diagram illustrating components of the
laser printing device 100. A laser 210 produces the pulsed
printing beam. For example, the laser 210 can be operated in
a superpulse mode. By using superpulse, a higher peak power
output can be obtained than the average power output of the
laser when run 1n a normal operational mode. Various differ-
ent types of lasers can be used, and 1n particular, a lower
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power laser can be used (lower power relative to what would
normally be needed to mark the material) due to the effective
increase 1n delivered power created by the systems and tech-
niques described here. For example, the laser 210 can be a
CO, air cooled laser. In various embodiments, the laser can be
a 30 Watt laser, a 20 Watt laser, a 10 Watt laser or a 5 Watt
laser. When the laser 1s a low power laser, the components of
the laser printing device 100 can be mounted 1n a housing
having a size on the order of an 1nk jet printer (e.g., a volume
of less than 1500 cubic inches).

To make the laser 210 operable 1n a superpulse mode, more
gas may be used than would be the case for a similar laser that
only operates i a continuous wave mode, and the gas per-
centages can be adjusted as needed, based on the superpulse
frequencies to be obtained. In addition, more advanced dirver
(s) can also contribute to making the laser 210 operable 1n a
superpulse mode. In general, there 1s a balance to be found,
which 1s dependent on the internal laser geometry. Thus, the
laser 210 can be made to operate in a superpulse mode by
adjusting gas percentages and density, driver component(s)
and laser geometry.

The pulsed printing beam passes through an optics assem-
bly 220, which steers the pulsed printing beam from one
location to another location on the material. The optics
assembly 220 includes components for altering the direction
of the pulsed printing beam. These components can be con-
trolled to steer the pulsed printing beam from one location to
another location 1n an non-raster scanning pattern (1.e., a
scanning pattern other than one of parallel lines) so as to
create a spot at each of the locations.

Electronics 230 are in communication with the laser 210
and the optics assembly 220. The electronics 230 can control
the operation of the laser 210 and the optics assembly 220.
The electronics 230 can control the optics assembly 220 to
adjust the direction of the pulsed printing beam, the length of
time that the pulsed printing beam remains at a location on the
material where a spotis to be formed, the speed that the pulsed
printing beam moves between locations where the beam
dwells, the size of pixels used to create symbols, and the
selection of symbols created. Moreover, the electronics 230
control the laser 210 to generate the power pulses of the
pulsed printing beam 1n synchronization with the moves of
the pulsed printing beam between locations where the beam
dwells. The dwell time used and the power profile of the
pulsed printing beam generated can be adjusted based 1n part
on the nature of the material to be marked.

The laser printing device 100 can include a continuously
variable power supply 240. The electronics 230 can control
the continuously variable power supply to adjust a power
output level of the laser. For example, the power supply 240,
which powers the laser 210, can be run from between 30 and
50 Watts. The laser 210 can be run 1n a continuous wave (CW)
mode at about 32 Watts, and the laser 210 can be run 1n a
superpulse mode at about 48 Watts. Moreover, the superpulse
peak power can be adjusted, at least in part, by controlling the
variable power supply. The pulse width can also be adjusted,
and both pulse width and power supply can be adjusted 1n
order to tune the power and the fluence with the moves.

FIG. 3 1llustrates example components of the optics assem-
bly 220 1n relation to a housing 16 of the laser printing device
100. The optics assembly 220 includes a laser source 12 that
provides the pulsed printing beam 110. The beam 110 passes
through a first negative lens 50, which expands the printing
beam 110. The optics assembly 220 also includes a print zone
light source 52 for producing a print zone beam 53. The print
zone beam 33 passes through a second negative lens 54,
which expands the print zone beam.
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Although the printing beam 110 and the print zone beam 53
are 1llustrated as being concurrently produced, the electronics
can cause them to be produced independent of one another
(¢.g., the print zone beam 53 can be activated whenever the
printing beam 110 1s deactivated and visa versa). Further, the
print zone beam 53 1s optional and need not be included 1n the
optics assembly 220. The printing beam 110 and the print
zone beam 53 are combined at a beam combiner 56. The
combined beams pass through a positive lens 58, which col-
limates the beams before they are turned at a retlector 60. The
combined beams then pass to a plurality of mirrors 62, which
reflect the combined beams toward a second positive lens 63,
which focuses the combined beams. The combined beams
then pass through a protective window 64 belore passing to
the material 170.

The mirrors 62 can be two mirrors arranged such that the
first mirror reflects the beam 110 onto the second mirror (1n a
direction parallel with a line coming out of the page), and the
second mirror reflects the beam 110 toward the second posi-
tive lens 63. One or more of the mirrors 62 can be coupled
with one or more actuators 70 that move the mirror(s) 62.
Suitable actuators 70 include, but are not limited to, micro-
motors. The actuators 70 are controlled by the electronics.
The electronics can use the actuators 70 to steer the printing
beam 110 to form the symbol(s) on the material 170, and the
electronics can use the actuators 70 to steer the print zone
beam 33 to produce the print zone (e.g., the print zone beam
53 can be steered to trace a rectangle around the print zone at
a speed which causes the rectangle to appear solid to the
human eye or at about 100 cycles/second).

As discussed above, the laser printing system can include a
printing beam exit member 120 that can be moved relative to
a device housing 16. A frame 76 supports the printing beam
exit member 120 within the housing 16. A bearing 78 posi-
tioned between the frame 76 and the printing beam exit mem-
ber 120 allows the printing beam exit member 120 to move
relative to the frame 76 (1.¢., the exit member 120 rotates 1nto
and out of the page). The printing beam 110 passes through
the bearing 78 along the axis of rotation permitted by the
bearing 78. Hence, movement of the printing beam exit mem-
ber 120 relative to the frame 76 does not change the position
of the printing beam 110 relative to the bearing 78.

The mirrors 62 and the actuators 70 are coupled with the
printing beam exit member 120. As a result, the mirrors 62
and the actuators 70 move with the printing beam exit mem-
ber 120 as the printing beam exit member 120 1s moved
relative to the housing 16. Further, a portion of a first of the
mirrors 62 1s positioned along the bearing’s axis of rotation.
Hence, movement of the printing beam exitmember 120 does
not alter the angle of incidence between the printing beam 110
and the first mirror. Accordingly, the first mirror directs the
printing beam 110 toward the same portion of the second
mirror and the printing beam 110 exits the housing 16 through
the same portion of the window when the printing beam exit
member 120 1s moved relative to the housing 16.

For additional details regarding the optics assembly 220
and techniques for laser printing on a moving product, see
U.S. Pat. No. 6,791,592, 1ssued Sep. 14, 2004, and entitled
“Printing A Code on a Product”, which 1s hereby incorporated
by reference. Various other optics assemblies can also be
used. See for example, U.S. patent application Ser. No.
10/693,356, filed Oct. 24, 2003, and entitled “Low Angle
Optics and Reversed Optics™, which 1s hereby incorporated
by reference.

FIG. 4 1llustrates an example symbol 180 formed on a
material 170 of a product 160. The symbol 180 1s formed of a
set of pixels 410, and the density of pixels 410 (1.e., the
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number of pixels forming a symbol of a given size) can be
adjusted as needed, even to the point where the pixels overlap
cach other. Each pixel 410 can be a single spot or multiple
spots created by the pulsed laser beam. For example, each
pixel 410 can be three spots grouped together 1nto a roughly
triangular pixel. Some pixels 410 can have a different size
than other pixels 410. Different shapes for pixels made up of
multiple spots are possible as well, such as square, hexagonal,
or circular pixels.

Moreover, 1n some 1mplementations, an operator of the
printing system can use the user interface to select the size and
shape of the pixels. FIG. 5 illustrates multiple spots 510
arranged so as to define a hexagonal pixel 500. Moving the
printing beam from one location to another location, as 1llus-
trated by the arrow labeled A, creates the pixel 500 by creating
a spot 510 at each location.

The time required to form a spot 1s generally a function of
the components of the material. For instance, the material
may have an ink layer and an overlying layer (e.g., awax layer
that protects the packaging and gives 1t an attractive appear-
ance), and the time needed to ablate the wax layer and the 1nk
layer can be about 35 microseconds to 1 millisecond using the
air cooled lasers described herein.

The distance between the spots and/or pixels can be
adjusted to increase or decrease the size and/or density of the
symbol. In some 1nstances, the distance between the pixels 1s
reduced to the point that the perimeter of one pixel abuts the
perimeter of another pixel. When the pixel perimeters abut
one another, a code and/or an 1mage being printed can have a
solid and continuous appearance.

The s1ze of the pixels formed by the printing system can be
adjusted by increasing the number of spots used to create the
pixel and/or by decreasing the density of spots while keeping
the number of spots the same. When faster printing 1s needed,
the total number of spots used to make up the symbol can be
decreased, such as by decreasing the density of spots used to
make up a symbol of a given size. This adjustment capability
can also be made available to the operator of the of the
printing system through the user interface. Moreover, the
printing system electronics can be configured to select amode
of operation (CW or superpulse) based on a density of the
spots 1n the code.

The electronics can include components that facilitate
input of symbols. The electronics can 1include a database that
associates alpha-numeric symbols with particular pixel pat-
terns. As a result, the operator can enter a symbol or symbol
sequence 1nto the user interface, and the printing system
consults the database to determine the pixel pattern associ-
ated with each symbol. The electronics can also include an
input interface for bar code information and image informa-
tion. For example, a software application can be used to enter
two dimensional bar code information, which can be con-
verted 1nto a set of character information 1n a font specified
for 2D bar code printing. Such character information can be
communicated to the laser printing device, which can include
clectronics that recognize the font and can thus convert the
character information 1nto the pixel pattern (e.g., each “‘char-
acter” 1n the recognized font can correspond to a vertical set
of elements 1n the 2D bar code). The software application can
also be used to enter a graphic image, which can be converted
into the pixel pattern for printing, by filling dark areas of the
image to be marked with concentric outlines of pixels (e.g.,
single spot pixels), starting at the perimeter and moving in to
the center of the image until all dark areas are filled.

The electronics can use the pixel pattern of each symbol to
form a first data set which indicates the position of each pixel.
For instance, each pixel can be associated with a Cartesian
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coordinate, which indicates where the pixels are to be printed
relative to one another. Other coordinate systems and meth-
ods can also be used to control the relative positioning of the
pixels 1n a symbol.

FIG. 6 illustrates synchronization ol power pulses with
moves between predefined locations to mark spots on a mate-
rial. The predefined locations correspond to where the spots
are to be placed and can be specified according to a corrected
data set for a moving product. A graph 600 shows moves,
M1-M6, and power pulses, P0-P5. The x axis of the graph 600
indicates time, the upper half of the y axis indicates the
velocity of the pulsed printing beam across the material, and
the lower half of the y axis indicates the power level of the
pulsed printing beam (moving downward in the lower half of
the graph 600 mdicates increasing power). A move between
the predefined locations can be accomplished by moving one
or more mirrors 62 1n the optics assembly 220. This can
involve rapidly accelerating to the top speed (at time T1 for
move M1), cruising at that top speed, and then rapidly decel-
crating to a stop at the next predefined location (at time T2 for
move M1), as illustrated in FIG. 6.

The power pulses, P0-P35, of the pulsed printing beam can
have apower distribution as 1llustrated and can be delivered at
a common frequency with iitiation of the moves, M1-M6é,
between the predefined locations. Delivery of the power
pulses can be represented by the immitiation of the power
pulses, and thus the time between T0 and T3 (the time
between 1nitiation of pulse PO and pulse P1) will be generally
equal to the time between T1 and T4 (the time between
initiation of move M1 and move M2). Additionally, the pulsed
printing beam can be held on the predefined locations during
delivery of pulse-peak portions of the pulsed printing beam,
and moves of the pulsed printing beam can be mnitiated during
delivery of pulse-tail portions of the pulsed printing beam, as
shown. Thus, move M1 begins at time T1 during delivery of
the pulse-tail portion of pulse PO, move M2 begins at time T4
during delivery of the pulse-tail portion of the pulse P1, and
the pulse-tail portion of P1 ends during move M2 at time T'5.
Moreover, a move may be so short as to occur entirely within
the pulse-tail portion, as 1llustrated by moves M3 and MS. The
reduced power of the beam during this pulse-tail, and the
speed with which the beam moves over the material results 1n
no visible marking during these moves.

The common frequency of the moves and the pulses can be
determined according to a maximum time needed for a move.
This maximum time can be preset based on the capabilities of
the laser printing system (e.g., based on the time need to make
a largest possible move available with a given optical assem-
bly design), or this maximum time can be set on the fly based
on the capabilities of the laser printing system and the symbol
(s) to be printed (e.g., based on a maximum move time needed
for a given corrected data set). In the graph 600, the move M4
1s a maximum move, and the pulse P4 i1s mitiated when the
pulsed printing beam begins its deceleration.

The common frequency of the moves and the pulses can
also be determined according to how fast the laser can be
pulsed, which depends on the laser and driver design, includ-
ing a recovery period of the pulsed laser (e.g., a gas recovery
time of a superpulsed laser). The upper limit on pulse speed
for the laser generally sets the upper limit on the common
frequency. Using the pulse speed to set the common fre-
quency can be 1n addition to using the maximum move time,
or the pulse speed alone can be used in some 1mplementa-
tions. For example, in some instances, all moves are so fast
that the common frequency i1s set according the maximum
pulsing frequency available 1n light of a given matenal to be
marked.
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The synchronization of power pulses with moves 1llus-
trated 1n FIG. 6 can be implemented 1n an open-loop control
system. When delivery of the power pulses and 1nitiation of
the moves are both controlled using a common frequency, the
clectronics need not include sensor feedback to confirm
arrival at the next predefined location before making the spot.
Arrival at the next predefined location within the allotted time
can be assumed given a properly set common frequency. In
some 1mplementations, the moves can take times between 3
microseconds and 1 millisecond, depending on the driver(s),
power supply and distance moved. The dwell time at each
location (e.g., time T3 to time T4) can be between 20 and 100
microseconds, and the energy delivered during the dwell time
can be between 0.05 and 2 Joules.

FIG. 7 also illustrates synchronization of power pulses
with moves between predefined locations to mark spots on a
material. A graph 700 shows moves, M1-M6, and power
pulses, P1-P5, with the same axes as 1n the graph 600. In this
case, the ttiming of delivery of the power pulses 1s based on the
timing of arrival of the pulsed printing beam at the predefined
locations. For example, the timing can be such that the power
pulse reaches 70-80% of 1t peak power at the same time that
the mirrors are 95-100% settled at the next location for spot
placement. Additionally, the timing of delivery of the power
pulses can be further based on a recovery period of the pulsed
laser when this recovery period exceeds the time needed for
the current move. However, in some implementations, the
power pulse need not reach zero before the next pulse begins.

As betore, the pulsed printing beam can be held on the
predefined locations during delivery of pulse-peak portions of
the pulsed printing beam, and moves of the pulsed printing
beam can be mnitiated during delivery of pulse-tail portions of
the pulsed printing beam. The pulse-peak portions of the
pulsed laser beam deliver greater power 1n a short amount of
time than possible for the same laser operated in a continuous
wave mode. A line 710 indicates the power output of the laser
when operated 1n a continuous wave mode; a line 720 1ndi-
cates the average power output of the same laser operated 1n
a pulsed mode; and a line 730 indicates the average power
output, during formation of the spot, of the same laser oper-
ated 1n the pulsed mode. Thus, a laser with a given power
rating can have a greater effective power when power pulses
of the laser are synchronized with the spot-mark placement as
described. For example, spots on a given material can be
formed more rapidly, and spots can be efficiently formed on
materials that are less susceptible to laser ablation, than
would be possible with the same laser operated in a continu-
ous wave mode.

Additionally, the moves can be at times much closer
together than illustrated. For example, the printing beam may
in fact never fully stop, but rather slow down over the pre-
defined location, at which point the laser pulse 1s delivered.
Thus, the dwell time during which a power pulse forms a spot
may be a time of relatively slow laser movement as opposed
to a full stop of the laser over the formed spot.

The synchronization of power pulses with moves 1llus-
trated 1n FI1G. 7 can be implemented 1n an open-loop control
system or a closed-loop control system. In an open-loop
implementation, the electronics of the printing system can
determine the time needed for the various moves M1-Mé6
based on the spot-placement information for a given set of
one or more symbols to be printed, and the time between
pulses can be set accordingly. In a closed-loop implementa-
tion, the electronics can sense the timing of arrival at the
predefined locations to control the timing of delivery of the
power pulses. Additionally, 1n a closed-loop implementation,
the electronics can sense power delivery to the predefined
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locations to determine when the spot has been formed due to
delivery of enough energy, and to control mitiation of the
moves between the predefined locations.

FIG. 8 1s a block diagram 1llustrating components of a laser
printing system. This printing system has a closed-loop con-
trol system 1n which one or more sensors 800 provide feed-
back to a controller 830. The controller 830 overdrives a laser
810 to generate a superpulsed printing beam with pulses
occurring at times determined based on the information pro-
vided by the sensor(s) 800. A higher source voltage 1s pro-
vided to the laser 810, such that when the laser 810 1s turned
on, a power spike 1s produced. The controller 830 can be
operable to overdrive the laser 810 at frequencies at or above
1 kilohertz, 5 kilohertz, 7.5 kilohertz, 10 kilohertz or 20
kilohertz. The laser 810 can be an air cooled laser, such as a
CO, laser of 25 Watts or less, 15 Watts or less, or 8 Watts or
less.

Additionally, the controller 830 directs optics 820 to move
the pulsed laser beam at times determined based on the infor-
mation provided by the sensor(s) 800. The sensor(s) 800 can
be built into the optics 820. The sensor(s) 800 can include a
mirror position sensor used to verily arrival of the pulsed
printing beam at the predefined locations. The mirror position
sensor can employ any of various commercially available
sensor technologies, such as resistance, magnetic, or trans-
ducer-based sensors. The sensor(s) 800 can also include a
laser emission sensor used to 1dentify the end of the pulse-
peak portions of the pulsed printing beam. The laser emission
sensor can measure various aspects of the laser to determine
the emission level, such as by measuring the power 1n line
(e.g. an 1n-line beam splitter with a germanium sensor), mea-
suring an energy halo created by sending the beam through an
aperture, measuring current draw, measuring voltage level,
measuring the drive input to the laser, or various other direct
or indirect methods of determining where the laser 1s in the
known power profile of the pulses. The controller 830 can
initiate the laser pulses based on the information provided by
the mirror position sensor and can initiate moves of the pulsed
printing beam based on the information provided by the laser
emission sensor. Using such sensors allows verification of
arrival at the predefined locations and verification that enough
energy content above the lazing threshold of the substrate has
been deposited to make the spot.

The controller 830 can be part of the electronics described
above 1n connection with FIGS. 1 and 2. FIG. 8 can also
illustrate an open-loop implementation by disregarding the
sensor(s) 800. Moreover, the controller 830 can provide two
modes of laser operation, a superpulse mode and a continuous
wave mode, and two modes of synchronization, the common
frequency mode and the fire-upon-arrival mode described
above.

FI1G. 9 illustrates an example user interface screen 900 for
a laser printing system. The user interface screen 900 includes
a set frequency button 910, which can be used to place the
system 1n the common frequency mode of operation. The
common Irequency can be specified automatically by the
system or specified by a system operator through the user
interface. Thus, the common frequency can be a program-
mable control variable of the electronics.

The user interface screen 900 includes a superpulse mode
button 920, which can be used to place the system in the
superpulse mode of operation. The user interface screen 900
includes a continuous wave mode button 930, which can be
used to place the system in the continuous wave mode of
operation. Additionally, the user interface screen 900
includes a smart mode select button 940, which can be used to
instruct the system to select a mode of operation based on a
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density of the spots 1n the one or more symbols to be formed.
For example, 11 the moves between spots are all very short, the
system can determine that the continuous wave mode of
operation 1s optimal for the given symbol(s) to be printed on
a product, and 11 the moves between spots are relatively larger,
the system can determine that the superpulse mode of opera-
tion 1s optimal for the given symbol(s).

The functional operations described 1n this specification
can be implemented 1n digital electronic circuitry, or 1n com-
puter hardware, firmware, software, or in combinations of
them, such as the structural means disclosed in this specifi-
cation and structural equivalents thereof. The described pro-
cessing operations can be performed by a programmable
processor executing a program of instructions to perform
functions by operating on input data and generating output.
Suitable processors include, by way of example, both general
and special purpose microprocessors. Generally, a processor
will recerve instructions and data from a read-only memory, a
random access memory and/or a machine-readable signal
(e.g., a digital signal received through a network connection).
Storage devices suitable for tangibly embodying software
program 1nstructions and data include all forms of non-vola-
tile memory, including by way of example semiconductor
memory devices, such as EPROM (electrically program-
mable read-only memory), EEPROM (electrically erasable
programmable read-only memory), and flash memory
devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and optical disks,
such as CD-ROM disks. Any of the foregoing can be supple-
mented by, or incorporated 1n, ASICs.

To provide for interaction with a user, the systems and
techniques described can be implemented on a data process-
ing system having a display device such as a monitor or LCD
(liguad crystal display) screen for displaying information to
the user and a keyboard and a pointing device such as amouse
or a trackball by which the user can provide mput to the
computer system. The data processing system can be pro-
grammed to provide a graphical user interface through which
programs interact with users.

Various embodiments have been described above. Other
embodiments are within the scope of the following claims.
For example, the electronics can include a digital signal pro-
cessor (DSP) used with the motor driver(s), and instead of a
superpulsed laser, a Q-switched laser can be used.

What 1s claimed 1s:

1. An apparatus comprising:

a laser operable to produce a pulsed printing beam:;

an optics assembly operable to focus and direct the pulsed

printing beam; and

clectronics communicatively coupled with the laser and the

optics assembly, the electronics being operable to con-
trol the laser and the optics assembly to generate power
pulses of the pulsed printing beam 1n synchromization
with a series of moves that steer the pulsed printing beam
in a non-raster scanning pattern to predefined locations
on a material to alter an optical characteristic of the
material at the predefined locations, which are arranged
to form at least a portion of a symbol;

wherein the electronics are operable to deliver the power

pulses 1n synchronization with arrival at the predefined
locations:

wherein the electronics are configured to receive feedback

in a closed loop, the feedback indicating arrival at the
predefined locations, and use the feedback to control
timing of power pulse delivery; and

wherein the electronics are further configured to base the

timing ol power pulse delivery at least in part on a
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recovery period of the laser and 1itiate the moves of the
pulsed printing beam from the predefined locations dur-
ing delivery of pulse-tail portions of the pulsed printing
beam.

2. The apparatus of claim 1, further comprising a continu-
ously variable power supply operable to power the laser, and
wherein the electronics are operable to control the continu-
ously variable power supply to adjust a power output level of
the laser.

3. An apparatus comprising:

a laser operable to produce a pulsed printing beam:;

an optics assembly operable to focus and direct the pulsed

printing beam; and

clectronics communicatively coupled with the laser and the

optics assembly, the electronics being operable to con-
trol the laser and the optics assembly to generate power
pulses of the pulsed printing beam 1n synchromzation
with a series of moves that steer the pulsed printing beam
1n a non-raster scanning pattern to predefined locations
on a material to alter an optical characteristic of the
material at the predefined locations, which are arranged
to form at least a portion of a symbol;

wherein the electronics are operable to deliver the power

pulses 1n synchronization with arrival at the predefined
locations:

wherein the electronics are configured to receive feedback

in a closed loop, the feedback indicating arrival at the
predefined locations, and use the feedback to control
timing ol power pulse delivery; and

wherein the electronics are configured to receive sensed

power delivery to the predefined locations to control
initiation of the moves between the predefined locations.

4. The apparatus of claim 3, wherein the electronics com-
prise a mirror position sensor and a laser emission sensor.

5. An apparatus comprising:

a laser operable to produce a pulsed printing beam:;

an optics assembly operable to focus and direct the pulsed

printing beam; and

clectronics communicatively coupled with the laser and the

optics assembly, the electronics being operable to con-
trol the laser and the optics assembly to generate power
pulses of the pulsed printing beam in synchronization
with a series of moves that steer the pulsed printing beam
in a non-raster scanning pattern to predefined locations
on a material to alter an optical characteristic of the
material at the predefined locations, which are arranged
to form at least a portion of a symbol;

wherein the electronics comprise a laser controller oper-

able to overdrive the laser and generate the pulsed print-
ing beam comprising a superpulse beam;

wherein the laser controller provides two modes of opera-

tion, a superpulse mode and a continuous wave mode,
and the electronics select a mode of operation based on

a density of the predefined locations; and

wherein the laser controller 1s operable to overdrive the
laser at a frequency above 1 kilohertz, and the power
pulses have rise and fall times less than 50 microsec-
onds.

6. The apparatus of claim 5, wherein the laser comprises an
air cooled laser, and an average of power fluence during pulse
delivery on the predefined locations 1s greater than an average
power of the laser when operated 1n a continuous wave mode.
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7. A system comprising:

a conveyor on which a product travels;

a laser operable to produce a pulsed printing beam:;

an optics assembly operable to focus and direct the pulsed

printing beam; and

clectronics communicatively coupled with the laser and the

optics assembly, the electronics being operable to con-
trol the laser and the optics assembly to generate power
pulses of the pulsed printing beam 1n synchromization
with a series of moves that steer the pulsed printing beam
1n a non-raster scanning pattern to predefined locations
on a material to alter an optical characteristic of the
material at the predefined locations, which are arranged
to form at least a portion of a symbol, wherein the
clectronic overdrive the laser to generate the pulsed
printing beam comprising a superpulse beam, and the
clectronics deliver the power pulses 1n synchronization
with arrival at the predefined locations;

wherein the electronics are configured to receive sensed

power delivery to the predefined locations to control
initiation of the moves between the predefined locations.
8. The system of claim 7, wherein the electronics are con-
figured to receive feedback in a closed loop, the feedback
indicating arrival at the predefined locations, and use the
teedback to control timing of power pulse delivery.
9. The system of claim 7, further comprising a continu-
ously variable power supply operable to power the laser, and
wherein the electronics are operable to control the continu-
ously variable power supply to adjust a power output level of
the laser.
10. The system of claim 7, wherein the laser controller 1s
operable to overdrive the laser at a frequency above 3 kilo-
hertz, and the power pulses have rise and fall times less than
40 microseconds.
11. The system of claim 7, wherein the laser controller
provides two modes of operation, a superpulse mode and a
continuous wave mode, and the electronics select a mode of
operation based on a density of the predefined locations.
12. A method comprising:
directing a pulsed printing beam through a series of moves
that steer the pulsed printing beam in a non-raster scan-
ning pattern to predefined locations on a matenal to
mark spots on the material at the predefined locations,
the spots being arranged to form a symbol;

superpulsing a laser to produce power pulses of the pulsed
printing beam 1n synchronization with the moves, such
that delivery of the power pulses 1s synchronized with
arrival at the predefined locations; and

receving sensed power delivery to the predefined locations

to control in1tiation of the moves between the predefined
locations.

13. The method of claim 12, further comprising recerving
teedback 1n a closed loop, the feedback indicating arrival at
the predefined locations, and using the feedback to control
timing of power pulse delivery.

14. The method of claim 12, further comprising adjusting a
peak power of the pulsed printing beam using a continuously
variable power supply.

15. The method of claim 12, further comprising selecting
between superpulse and continuous wave modes of operation
based on a density of the predefined locations.
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